Since in the course of investigating ribonuclease (RNase) in lower animals we learned that Fernlund and Josefsson 1) had reported on the RNase of the sea urchin Psamechinus miliaris, we began to assess the functions of RNase in the growth process of sea urchins. The development of sea urchins can be classified into two brief stages, an immature stage and a mature stage. Immature male and female sea urchins cannot be distinguished, and it only becomes possible to differentiate between them in the mature stage. Moreover, it is uncertain whether a sea urchin of a given sex in the immature stage will be the same sex in the mature stage.
Methods of Measuring RNase Activity
RNase activity in the supernatant of the sea urchin gonad homogenate was measured by Redii's method, 5) with yeast RNA as the substrate. In this method non-reactive RNA is precipitated with perchloric acid and lanthanum nitrate, and the substrate solution used to measure RNase activity is prepared by dissolving RNA (2.5 mg/ml) in a 0.1 M acetic acid buffer (pH 5.0). A small amount of enzyme solution is added to the substrate, and the mixture is allowed to react at 37°C for an appropriate amount of time. The reaction is stopped by adding 0.5 ml of 12% perchloric acid containing 20 mM lanthanum nitrate. The mixture is then centrifuged at 3000 rpm at 4°C for 15 min, and non-reactive RNA is removed. After diluting of 0.4 ml of the supernatant with 2 ml of distilled water, absorbance is measured at 260 nm. The amount of the enzyme that increases absorbance by 1.0 under these conditions is assigned a value of 1 unit (U) RNase activity.
6)
Partial Purification of RNase from the Gonads of Sea Urchins An attempt to partially purify RNase was made to investigate the characteristics of H. pulcherrimus and A. crassispina sea urchins RNase. The gonads of each sea urchin were homogenized, and after centrifugation at 10000 rpm, the supernatant was subjected to gel filtration on a Sephadex G-100 column (3ϫ120 cm) that had been equilibrated with 0.1 M sodium acetate (pH 4.7). This process allows separation of low-molecular-weight components (Fig.  2) .
The enzyme obtained by partial purification in this manner was used to identify the characteristics of the enzyme, including its molecular weight, optimal pH, heat stability, and substrate specificity.
RESULTS AND DISCUSSION
There were 35 sea urchins from each H. pulcherrimus and A. crassispina, for each time investigations. As shown in Fig.  3 (Fig.  4a) .
The mean RNase activity of male A. crassispina sea urchins decreased from 5.95 U/mg (S.D., 1.03) in the immature stage to 1.98 U/mg (S.D., 1.15) whereas in the mature stage increased to 15.62 U/mg (S.D., 2.10) in the females. The degree of the changes was slightly different from their degree in H. pulcherrimus sea urchins, but the direction of the changes in A. crassispina sea urchins were the same as in H. pulcherrimus sea urchins, a decrease in the males and an increase in the females (Fig. 4b) .
The reason for these phenomena is unclear, but the indefinite sex of sea urchins in the immature stage [2] [3] [4] is thought to be related to the constant RNase activity level in the immature stage, suggesting that RNase activity changes upon determination in the mature stage. A modest correlation between the activity of this enzyme and sex determination in sea urchins is also thought to exist.
The characteristics of RNase, which induce these changes, were also investigated. The optimal pH of the enzyme from both H. pulcherrimus and A. crassispina sea urchins was 5.0, i.e., similar that of the RNase of P. miliaris.
1) The RNase of Sephadex G-100 (3ϫ120 cm) was equilibrated with 0.1 M sodium acetate (pH 4.7). The column was eluted at a rate of 2 ml/min, and a 6 ml fraction was collected into each tube. RNase activity at pH 5.0 (᭹) and pH 7.5 (᭺). a: female H. pulcherrimus; b: female A. crassispina.
H. pulcherrimus sea urchins was unstable at 60°C, the same as the RNase of P. miliaris, and its activity was lost within 5 min of exposure to a temperature of 60°C. The RNase of A. crassispina sea urchins also showed heat instability, but approximately 40% of the enzyme activity after 10 min of exposure to 60°C (Fig. 5) , indicating that A. crassispina sea urchins possess materials which promote heat stability.
The molecular mass of the RNase of H. pulcherrimus sea urchins was estimated to be approximately 40 kDa based on measurement of the molecular weight of the product of gel filtration (Figs. 2a, b ) of the RNase that had been partially purified from mature stage sea urchins. The molecular mass of the RNase of A. crassispina sea urchins was clearly slightly higher than that of the RNase of H. pulcherrimus sea urchins. Table 2 shows base specificities of the H. pulcherrimus and A. crassispina sea urchin RNases.
Despite being only partially purified, both H. pulcherrimus and A. crassispina RNases were found to be base-nonspecific. Although the data are not presented here, we demonstrated that the enzymes are not inactivated by EDTA. The characteristics of the RNase described above, which shows considerable differences between male and female H. pulcherrimus and A. crassispina sea urchins in the mature stage, is an enzyme of RNase T2 type. Figure 6 shows the results of SDS-PAGE 7) of the RNase of H. pulcherrimus sea urchins. Its molecular mass estimated from the data obtained by active staining 8) was 38 kDa, a value that is consistent with the gel filtration data, but much higher than 24 kDa, the molecular mass of RNase T2 type enzymes in general 9) (RNase Rh). The molecular mass of the RNase of A. crassispina sea urchins is predicted to be at least 40 kDa based on the results of gel filtration with Sephadex G-100 (Fig. 2b) , but its molecular mass determined by SDS-PAGE has not yet been confirmed. It is predicted that its higher molecular mass is attributable to bonds with mucopolysaccharides or polysaccharides. This observation also indicates that the heat stability of A. crassispina RNase, shown in Fig. 5 , is superior to that of the RNase of H. pulcherrimus and P. miliaris sea urchins. 1) It was thus revealed that T2-type RNase enzyme is present in H. pulcherrimus and A. crassispina gonads and that its activity changes markedly as females and males mature.
The amino acid sequence of this enzyme, which is similar to the T2-type RNase of H. pulcherrimus and A. crassispina gonads, has not yet been determined. Data supporting the above results include the registered mRNA sequence for Strongylocentrotus nudus the RNase, 10) which is akin to H. pulcherrimus and A. crassispina sea urchins, indicating that the amino acid sequences responsible for the main activity of T2-type RNase enzymes show some degree of homology. From these observations, it is assumed that the RNase that shows considerable differences in activity between male and female H. pulcherrimus and A. crassispina sea urchins in the mature stage is similar to RNase T2. Further studies will be conducted to confirm this assumption, and the primary structure will also be determined. Figures 2a and b show the results of gel filtration of H. pulcherrimus and A. crassispina sea urchins. The presence of a previously unknown low-molecular-weight RNase was also demonstrated, and based on the molecular mass of RNase and the results of gel filtration with Sephadex G-100 and SDS-PAGE, its molecular mass is predicted to be approximately 10 kDa. The content is very low. The characteristics of this enzyme are uncertain, but its optimal pH is known to be approximately 7.5. Further study of this enzyme is needed to determine all of the roles of RNase in sea urchins.
CONCLUSIONS (i)
The results of this study showed that RNase activity that has an acidic optimal pH and base non-specificity rapidly increases between the immature stage in the mature stage of female H. pulcherrimus and A. crassispina sea urchins but decreases in the mature stage of male H. pulcherrimus and A. crassispina sea urchins.
(ii) The characteristics of the RNase of H. pulcherrimus and A. crassispina sea urchins strongly resembles those of the RNase of P. miliaris 1) that is similar to RNase T2. Its RNase is also thought to be involved in sex determination.
(iii) The molecular mass of the RNase of H. pulcherrimus sea urchins was 38 kDa as measured by SDS-PAGE and was similar to the molecular mass of RNase T2.
9) The molecular mass of A. crassispina RNase is known to be 40 kDa or higher when measured by gel filtration, but measurement by its molecular weight SDS-PAGE failed, probably because polysaccharides and mucopolysaccharides affect this enzyme, making measurement impossible. However, its characteristics and other observations indicate that it is also similar to RNase T2.
(iv) There is a clear correlation between the activity of H. pulcherrimus and A. crassispina RNase and the sex of sea urchins. Its activity tends to rise steadily and rapidly in female sea urchins as they mature but to decrease in male sea urchins. Its activity is the same in both immature males and females, in which sex is unknown. We will monitor changes in RNase activity before sex determination, after the change from the immature to mature stage, to study the association between the RNase of sea urchins and sex determination. Vol. 31, No. 9 The rate of homopolynucleotide hydrolysis was measured in the same manner as the rate of RNA hydrolysis. Both rates were measured as increases in absorbancy per min at pH 5.0 under the experimental conditions described in the text.
